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(57) ABSTRACT

The invention relates to a semiconductor device (10) with a
substrate (12) and a semiconductor body (11) of silicon com-
prising a bipolar transistor with an emitter region, a base
region and a collector region (1,2,3) first conductivity type, a
second conductivity type opposite to said first conductivity
type and the first conductivity type, respectively, with a first
semiconductor region (3) comprising the collector region or
the emitter region being formed in the semiconductor body
(11), on top of which a second semiconductor region (2)
comprising the base region 1s present, on top of which a third
semiconductor region (1) comprising the other of said collec-
tor region and said emitter region 1s present, said semicon-
ductor body (11) being provided with a constriction at the
location of the transition between the first and the second
semiconductor region (3, 2), which constriction has been
formed by means of an electrically insulating region (26, 27)
buried 1n the semiconductor body (11). According to the
invention a part of the semiconductor body that 1s formed
above the buried electrically insulating region (26,27) is
monocrystalline. This enables a strong lateral miniaturization
of the device and results 1n excellent high frequency proper-
ties of the transistor. Such a device (10) 1s possible thanks to
its manufacture with a method of manufacturing according to
the mnvention.

6 Claims, 3 Drawing Sheets
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BIPOLAR TRANSISTOR HAVING A SECOND,
BASE-COMPRISING REGION CONSISTING
OF A FIRST LAYER, A SECOND,
CONSTRICTIVE, LAYER, AND A THIRD
LAYER

The mvention relates to a semiconductor device with a
substrate and a semiconductor body of silicon comprising a
bipolar transistor with an emitter region, a base region and a
collector region of a first conductivity type, a second conduc-
tivity type opposite to the first conductivity type and said first
conductivity type, respectively, with a first semiconductor
region comprising the collector region or the emitter region
being formed 1n the semiconductor body, on top of which a
layered second semiconductor region comprising the base
region 1s present, on top of which a third semiconductor
region comprising the other of said collector region and said
emitter region 1s present, said semiconductor body being
provided with a constriction at the location of the transition
between the first and the second semiconductor region, which
constriction has been formed by means of an electrically
insulating region buried in the semiconductor body. The
invention further relates to a method of manufacturing such a
device.

Such a device and method are known from US patent US
2004/0224461. Said document describes an npn-type bipolar
transistor. A mesa-shaped emitter region of the transistor 1s
present on top of a layered base region of the transistor, and a
collector region of the transistor 1s present there under. The
junction between the base region and the collector region 1s
surrounded by an electrically msulating region which 1s bur-
ied under the base region and which forms a local constriction
of the semiconductor body.

A drawback of this known device 1s that 1t does not lend
itself, or least not very well, for further and further lateral
mimaturization. On the one hand the possible integration
density of the known transistor i1s limited 1n this manner, but
in addition to that the properties of the transistor, such as the
high frequency behavior, are capable of improvement yet. An
example of a very high frequency application 1s a car radar
system.

Consequently it 1s the object of the present invention to
provide a device which 1s suitable for the aforesaid applica-
tions, because of 1ts excellent high frequency properties, and
wherein lateral miniaturization can be realized without diifi-
culty.

In order to achieve that object, a device of the kind referred
to 1n the introduction 1s characterized in that a part of the
semiconductor body that 1s formed above the buried electri-
cally insulating region 1s monocrystalline. The invention 1s 1n
the first place based on the perception that 1n the known
device, in which the base region 1s formed by epitaxy, parts
thereot are formed on top of the electrically insulating region,
thus burying said region. The parts thus formed are polycrys-
talline, whilst an adjacent part—above the collector region—
1s monocrystalline. The 1nvention 1s furthermore based on the
perception that the thus resulting transition between monoc-
rystalline silicon and polycrystalline silicon renders lateral
miniaturization of the transistor in the known device difficult
or even impossible. By making the region of the semiconduc-
tor body above the buried electrically insulating region
monocrystalline, the device according to the invention can be
designed to have very small lateral dimensions and to exhibit
an excellent high frequency behavior, therefore. The mven-
tion 1s based on the surprising perception that when a manu-
facturing method according to the invention 1s used, the part
of the semiconductor body that 1s present above the buried
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clectrically insulating region can be made monocrystalline 1n
spite of being formed by epitaxy.

Briefly put, this 1s achieved by first forming an S1Ge region
at the location of the buried electrically insulating region, on
top of which region part of the semiconductor body 1s depos-
ited by epitaxy. Providing the S1Ge 1s not too high 1n combi-
nation with a thickness thereof that remains within bounds,
the aforesaid epitaxy leads to a monocrystalline deposition.
Following that—seen 1n projection from the outside to the
inside—part of the SiGe region 1s removed by selective etch-
ing, after which a buried electrically insulating region 1is
formed 1n the cavity thus created.

In a preferred embodiment of a method according to the
invention, the base region 1s provided with at least one elec-
trical connection positioned above the buried electrically
insulating region. Because of the fact that the base region 1s
now monocrystalline at that location, a reduction of the lateral
dimensions 1s possible, whilst the resistance of the base

region can be very low.

Preferably, the constriction of the semiconductor body 1s
located 1n the base region. The advantage of this 1s that the
S1Ge region that 1s used for the formation of the constriction
1s also located 1n the base region. The part of the SiGe region
that remains after said formation 1s very advantageous with
regard to the properties of the transistor, such as the speed
thereof.

Since the part of the base region above the electrically
insulating region 1s relatively thin in the latter variant, the
thickness of the second semiconductor region, which has a
layered structure, is—inter alia 1n that case—preferably
greater on both sides of the third semiconductor region, which
1s mesa-shaped, than under the third semiconductor region.
The base region above the buried electrically insulating
region can easily be formed with a greater thickness, for
example by selective epitaxy.

In a very advantageous embodiment, the semiconductor
body comprises a further sunken or buried electrically 1nsu-
lating region which, seen in projection, 1s spaced from the
third semiconductor region by a larger distance than the bur-
ied electrically insulating region. A usual insulating region
can be used for this purpose, such as an STI (=Shallow Trench
Isolation) region or a LOCOS (=Local Oxidation Of Silicon)
region. This renders the manufacture of the device according
to the mvention highly compatible with usual processes. In
addition to that, said further sunken or burnied electrically
insulating region provides a possibility of further optimiza-
tion of the properties of the transistor 1n the device according
to the 1nvention.

Thus, the capacitance between the base region and the
collector region can be further reduced by forming said fur-
ther sunken or buried electrically insulating region with a
greater thickness than the buried electrically insulating
region, which has a positive effect on the high frequency
properties. Furthermore, a reduced current spread in the col-
lector region 1s achieved 1n this manner.

It 1s noted 1n this connection that when the emitter region
and the collector region exchange roles 1n a conventional
bipolar transistor, the transistor 1s called an inverted transis-
tor. In the device according to the invention, too, the emaitter
region may be positioned under the base region 1n a corre-
sponding manner. After all, both regions have relatively small
lateral dimensions.

With a device according to the invention, such an exchange
leads to a significant improvement of the cutoil frequency (1)
of the transistor, because the forward base collector storage
capacitance strongly decreases, as even a very thin oxide
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layer deposited 1n a cavity formed 1n an S1Ge layer will block
the 1njection of charge carriers.

Preferably, however, the first semiconductor region com-
prises the collector region and the third semiconductor region
comprises the emitter region. In an advantageous variant
thereol the base region, and preferably also the collector
region, 1s provided with a double electrical connection on
cither side of the emitter region.

According to the invention, a method of manufacturing a
semiconductor device with a substrate and a semiconductor
body of silicon which 1s provided with a bipolar transistor
with an emitter region, a base region and a collector region of
a first conductivity type, a second conductivity type opposite
to the first conductivity type and said first conductivity type,
respectively, wherein a first semiconductor region compris-
ing the collector region or the emitter region 1s formed 1n the
semiconductor body, on top of which a second semiconductor
region comprising the base region 1s formed, on top of which
a third semiconductor region comprising the other of said
collector region and said emitter region 1s formed, wherein
said semiconductor body 1s provided with a constriction at the
location of the transition between the first and the second
semiconductor region, which constriction 1s formed by means
of a buried electrically msulating region that 1s formed 1n the
semiconductor body, 1s characterized in that a part of the
semiconductor body that 1s present above the buried electri-
cally msulating region 1s formed in such a manner that it 1s
monocrystalline. In this way a device according to the inven-
tion 1s obtained.

In a preferred embodiment of a method according to the
invention, a region ol a mixed crystal of silicon and germa-
nium 1s formed at the location of the buried electrically insu-
lating region that 1s to be formed, which region 1s removed by
selective etching, after which the cavity thus formed 1s filled
with an electrically msulating material. Air or a gas may be
used as the electrically mnsulating material, but preferably the
cavity that has been created 1s filled with a dielectric, such as
silicon dioxide. This can be formed by means of a CVD
(=Chemical Vapor Deposition) process, but preferably by
means of a thermal oxidation process.

As already noted 1n the discussion of the device according
to the invention, the part of the semiconductor body above the
buried electrically insulating region 1s formed by epitaxy on
top of the region that 1s formed as a mixed crystal of silicon
and germanium to enable removal thereof. The electrical
connection(s) of the base region is (are) preferably formed
above the buried electrically msulating region.

Preferably, the second semiconductor region i1s formed
with a greater thickness on either side of the third semicon-
ductor region, preferably by selective epitaxy, than under the
third semiconductor region. The Si1Ge region 1s preferably
formed 1n the form of an SiGe epitaxial layer. If said layer 1s
tformed as part of the base region, the remaining part of said
S1Ge layer will contribute to the properties of the transistor.

The thickness of the buried electrically insulating region
can be increased by carrying out a further etching step after
selective etching of part of the S1Ge layer, for example using
an etchant of silicon which 1s selective to S1Ge. The advantage
of this 1s that the lateral dimensions of the remaining part of
the S1Ge layer are not changed by said step. In principle, the
ctching of the S1Ge layer itsell must take place 1n time. If
desired, a lateral etch stop may be incorporated 1n the S1Ge
layer, for example by incorporating a lateral pn-junction.

The invention will now be explained 1n more detail with
reference to an embodiment and the drawing, 1n which:

FIGS. 1-9 are schematic, cross-sectional views perpen-
dicular to the thickness direction of a device according to the
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invention, showing successive stages of the manufacture
thereol by means of a method according to the invention.

The Figures are not drawn to scale, and some dimensions
are exaggerated for the sake of clanity. Like regions or parts
are indicated by the same numerals as much as possible.

FIGS. 1-9 are schematic, cross-sectional views perpen-
dicular to the thickness direction of a device according to the
invention, showing successive stages of the manufacture
thereol by means of a method according to the invention.
The—at least substantially complete—device 10 (see FIG. 9)
of this example comprises a semiconductor body 11 with, 1n
this case, an n-type silicon substrate 12 and a semiconductor
layer structure provided thereon and a bipolar transistor. The
discrete (in this example) transistor has an n-type emitter
region 1, a p-type base region 2 and an n-type collector region
3, which are provided with a first, a second and a third con-
nection conductor 100, 200, 300, respectively. The base
region 2 comprises a mixed crystal of silicon and germanium
having a germanium content of 20 at. % and, 1n this example,
a doping concentration in the range of 1x10'” at/cm” to
1x10°° at/cm”. Layered regions 21, 22 are positioned on
cither side of the base region, seen 1n the thickness direction,
which regions function as transition layers and which have a
lower doping concentration, for example in the range of
1x10"7 at/cm” to 1x10"” at/cm”. The emitter region 1 has been
formed 1n the n-type transition layer 22 by outdiffusion. The
collector 3 and the emitter 1 comprise silicon 1n this case. The
collector 3 comprises, 1n this case, the n-type (or intrinsic)
transition layer 21 and part of the substrate 12, 1t may further-
more, unlike the present example, be builtup of alowly doped
part, the so-termed drniit region, and a highly doped part that 1s
positioned adjacent to the substrate or forms part thereof. The
connection conductors 100, 200 of the emitter region 1 and
the base region 2 comprise a silicide 1n this case, for example
nickel or cobalt silicide, whilst the connection conductor 300
of the collector region 3 comprises aluminum in this case. The
emitter connection region 1A comprises a polycrystalline
s1licon region 1n this example, and i1s (electrically) 1solated
from the base connection region 2A by means of spacers 4.

The semiconductor body 11 1s provided with a constric-
tion, 1n this case at the location of the base region 2, which has
been formed between electrically insulating regions 26, 27
buried 1n the semiconductor body. Said electrically insulating
regions comprise silicon dioxide in this case, they extend
from the side walls of a mesa-shaped part 30 of the semicon-
ductor body 11 1n the direction of the base region 2 and have
the same thickness as the region 2 in this case. According to
the mvention, a part of the semiconductor body 11 that 1s
present above the regions 26, 27 1s monocrystalline. This
makes it possible for the device 10 to have very small lateral
dimensions and very good high frequency properties. All this
can be achieved by manufacturing the device by means of a
method according to the invention. With the known manufac-
turing method, the aforesaid part of the semiconductor body
11 1s polycrystalline or even amorphous.

The base connection region 2A comprises a polycrystalline
s1licon conductive region 2A A 1n this example, and an under-
lying further conductive region 2AB, of tantalum nitride 1n
this example, relative to which the polycrystalline silicon
region 2AA can be selectively etched. The emitter connection
region 1A 1s T-shaped (seen 1n cross-sectional view) 1n this
example, with the arms of the T extending over an isulating
region 3 present on top of the polycrystalline silicon region
2AA. Furthermore, the device 10 comprises partially sunken
and partially buried further insulating regions 16, 17, which
comprise silicon dioxide 1n this case and which have a greater
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thickness and are spaced from the emitter region 1 by a larger
distance than the buried electrically insulating regions 26, 27.

The lateral dimensions of the device 10 of this example are
1 umx 10 um. The emitter region 1 has a doping concentration
of about 10°° at/cm” and a thickness of about 10 nm. The base
region 2 has a thickness of about 20 nm, as have the adjacent
transition layers 21, 22. The device 10 of this example 1s
manufactured as follows, for example, by means of a method
according to the mvention.

The starting point (see FIG. 1) 1s an n-type silicon substrate
12, in which so-termed STI (=Shallow Trench Isolation)
regions 16, 17 are formed 1n this example. An underlying part
of the substrate 12 has been leit out of the drawing for the sake
of simplicity. P-type layers 21, 2, 22 are first deposited
thereon by epitaxy, with the center layer being formed of
S1Ge and the outer two layers being formed of Si. Doping
concentrations and thicknesses are selected as indicated
above. Then a further layer structure 1s provided, for example
in another deposition device, which structure comprises, suc-
cessively, a conductive layer 2AB of tantalum nitride, a poly-
crystalline, highly doped silicon layer 2A A and an msulating
layer 5 of silicon dioxide. Preferably, sputtering or MOCVD
(=Metal Organic Chemical Vapor Depostion) 1s used as the
deposition technique, for example for depositing the conduc-
tive layer 2AB in this example, whilst the polycrystalline
silicon layer 2A A and the insulating layer are formed by CVD
(=Chemical Vapour Deposition), with the thicknesses of said
layer being 10 nm, 100 nm and 350 nm, respectively.

Subsequently (see FIG. 2) an opening 6 1s etched 1n the
insulating layer 5 and i the polycrystalline silicon layer
2AA, using a photolithographic mask M1. This can be done
by means of a dry etching process, for example. In said
process, the tantalum nitride layer 2AB functions as an etch
stop layer.

Following that (see FIG. 3) a part of the tantalum nitride
layer 2AB defined by M1 1s selectively etched away with
respect to the silicon layer 22 by means of a further etching
process, for example a dry or a wet chemical etching process.

After removal of the mask M1 (see FIG. 4), spacers 4 are
formed 1n the opening 6, which spacers are built up, in this
example, of two thin layers 41, 42 of silicon dioxide and
s1licon nitride having a thickness of 10 and 50 to 100 nm. The
layers are umiformly applied and subsequently the flat por-
tions thereol are removed by means of an anisotropic etching
pProcess.

Following this (see FIG. 5) the opening 6 1s filled with an
n-type polycrystalline silicon layer 1A. Said layer 1s formed
by means ol a CVD process. By subjecting the resulting
structure to a heat treatment, an emitter region 1 1s formed by
local overdoping as a result of outdiffusion of the n-type
contaminations 1n the emitter connection region 1A in the
transition layer 22.

Then (see FIG. 6) the emitter connection region 1A 1s
patterned by photolithography and etching whilst retaining
the T-shaped cross-section. The width of the T at the base 1s
about 200 nm, and the width of the T at the top 1s about 500
nm. Following this, the highly doped parts 2C of the base
region 2 are formed by means of a p-type 1on implantation,
with the T-shaped connection region 1A functioning as a
mask. It 1s noted that 1n practice a photoresist mask waill still
be present on the T-shaped mesa at that stage—contrary to
what 1s shown in the drawing—and that in that case said

implantation will take place between the manufacturing
stages that are shown FIG. 5 and FIG. 6. On the one hand the
photoresist mask protects the emitter connection region 1A
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against the implantation, and on the other hand the metal
silicide layers 100, 200 can be formed 1n one step after
removal of said mask.

Then the connection conductors 100, 200 are formed, for
example, by depositing a metal layer of nickel or cobalt,
which 1s converted into nickel or cobalt silicides 100, 200 by
silicization. In this example, the rear side of the substrate 12
1s contacted with aluminum, thus forming the connection
conductor 300 of the collector region 3. The collector region
3 can also be advantageously contacted with the upper surface
of the semiconductor body 11 via a sunken connection region
and a connection conductor.

Following this (see FIG. 7) a mask M2, 1n this case of
photoresist, 1s applied to the device 10, after which the semi-
conductor body 11 1s provided with a mesa-shaped part 30
located on the surface, 1n this case by means of a dry etching
pProcess.

Subsequently (see FIG. 8), part of the layer 2 that forms the
base region 2 1s removed from the side wall of the mesa-
shaped part 30 of the semiconductor body 11 by means of a
selective—wet or dry—chemical etching process. A cavity
26A, 27A 1s thereby formed adjacent to the Si-containing
layers 21, 22 and to the remaining part of the SiGe layer 2 that
forms the base region 2.

In this example (see FIG. 9), the cavity thus formed 1s
converted 1into the buried electrically insulating regions 26, 27
by filling the cavity with an electrically insulating matenal,
s1licon dioxide 1n this case. Especially 11 the cavity 1s not very
thick, 1t can also be filled by thermal oxidation at a low
temperature. If desired, the forming of the mesa-shaped part
30 and the cavity 26 A, 27 A can to that end be carried out at an
carlier stage of the manufacture so as to prevent the connec-
tion conductors 100, 200, 300 from being damaged.

After a separation technique such as sawing or etching has
been carried out, individual devices 10 according to the inven-
tion can be obtained.

The mvention 1s not limited to the embodiments as dis-
cussed herein, as many variations and modifications are pos-
sible to those skilled 1n the art within the scope of the inven-
tion. Thus, 1n addition to being suitable for use 1n a discrete
semiconductor device, the invention 1s also very suitable for
use 1 an integrated semiconductor device, such as a (BI)
CMOS (=(Bipolar) Complementary Metal Oxide Semicon-
ductor) IC (=Integrated Circuit). In fact, the structure and the
manufacture of the transistor as described 1n the examples 1s
quite suitable for use 1n an IC.

Furthermore 1t 1s noted that instead of using STI 1solation
regions 1t 1s also possible to use 1solation regions that have
been obtained by means of the LOCOS (=Local Oxidation Of
Silicon) technique. Besides Si1Ge, it 1s also possible to use
other materials which can be selectively etched and on which
s1licon monocrystalline can be grown. An example of such a
material 1s S1C. In addition to that, silicon may also be pro-
vided with contaminations which hardly affect the lattice
constant of silicon but which nevertheless enable selective
etching. Thus, n-type silicon can be selectively etched with
respect to p-type silicon, for example, or vice versa. Further-
more, an e¢lectrically non-active dopant may influence the
ctchability of silicon to a suilicient extent.

Many variants and modifications are possible also with
regard to a method according to the invention. Thus, the S1Ge
layer or an S1Ge region can also be formed by implanting
germanium in a silicon region.

The invention claimed 1s:

1. A method of manufacturing a semiconductor device with
a substrate and a semiconductor body of silicon which 1s
provided with a bipolar transistor with an emaitter region, a
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base region and a collector region of a first conductivity type,
a second conductivity type opposite to the first conductivity
type and said first conductivity type, respectively, the method

comprising:
forming a first semiconductor region including the collec-
tor region or the emitter region in the semiconductor

body,

forming, on top of the first semiconductor region, a second
semiconductor region including the base region,

forming, on top ol the second semiconductor region, a third
semiconductor region including the other of said collec-
tor region and said emitter region,

providing said semiconductor body with a constriction at
the location of the transition between the first and the

second semiconductor region,
forming said constriction by means of a buried electrically

insulating region that 1s formed in the semiconductor
body, characterized in that a part of the semiconductor
body that 1s present above the burnied electrically 1nsu-
lating region 1s formed 1n such a manner that it 1s monoc-

rystalline, and

forming a region of a mixed crystal of silicon and germa-

nium at the location of the buried electrically insulating
region that 1s to be formed, selectively etching the
region, and filling a cavity formed by the selective etch-
ing with an electrically insulating material.

2. A method as claimed 1n claim 1, characterized in that the
part of the semiconductor body above the buried electrically
insulating region 1s formed by epitaxy on top of the region
that 1s formed as a mixed crystal of silicon and germanium to
enable removal thereof.
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3. A method as claimed 1n claim 2, characterized 1n that the
region of the mixed crystal of silicon and germanium 1s
formed as part of a S1Ge containing epitaxial layer.

4. A method as claimed 1n claim 3, characterized in that
said S1Ge containing layer 1s formed 1n the second semicon-
ductor region.

5. A semiconductor device with a substrate and a semicon-
ductor body of silicon, the device comprising: a bipolar tran-
sistor with an emitter region, a base region and a collector
region of a first conductivity type, a second conductivity type
opposite to said first conductivity type and the first conduc-
tivity type, respectively, with a first semiconductor region
comprising the collector region or the emitter region being
formed 1n the semiconductor body, on top of which a second
semiconductor region by comprising the base region 1s
present, on top of which a third semiconductor region com-
prising the other of said collector region and said emuitter
region 1s present, said semiconductor body being provided
with a constriction at the location of the transition between the
first and the second semiconductor region, which constriction
has been formed by means including an electrically insulating
region buried in the semiconductor body, with a part of the
semiconductor body that 1s formed above the buried electri-
cally insulating region 1s monocrystalline, and with the sec-
ond semiconductor region consisting of a first, a second and a
third layer, and wherein the constriction 1s located at the
second layer.

6. The semiconductor device of claim 5, wherein the first
layer 1s directly above and touching the electrically insulating
region forming the constriction 1n the second layer.
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